Vascular endothelial growth factor (VEGF) is a potent angiogenic and mitogenic peptide, which also induces several mediators that may play a role in HIV induced CNS damage. VEGF levels were determined in cerebrospinal fluid (CSF) and serum samples from patients with (n = 8) and without (n = 19) directly HIV associated CNS disorders and HIV negative control patients (n = 18). VEGF serum but not CSF levels were significantly increased in HIV infected patients with (381.1 (78.9) pg/ml) HIV associated CNS diseases compared with those without (120.8 (13.1) pg/ml) and HIV negative control patients (133.1(14.8) pg/ml). Serum samples from patients with untreated HIV associated encephalopathy (HIVE, n = 3) contained the highest VEGF levels (583.9 (71.5) pg/ml). In two patients VEGF serum levels were reduced during antiretroviral therapy. However, regardless of effective viral suppression, patients with HIVE still had higher levels compared with HIV infected patients without HIVE. A relevant increase of serum VEGF was not observed in patients without HIVE though high HI viral load. We conclude that HIVE is associated with increased serum VEGF levels. Further studies are warranted to elucidate the role of VEGF in HIVE. V ascular endothelial growth factor (VEGF) is a potent angiogenic and mitogenic peptide. When activated by different stimuli, such as cytokines, oxidative stress, and hypoxia, it induces angiogenesis, 1 extracellular matrix degradation 2 and tubular formation. 3 In addition, VEGF acts as a potent regulator of vascular permeability 4 and is known as ''vascular permeability factor''. Furthermore, VEGF has chemotactic effects on leucocytes 1 and induces a variety of mediators that are crucial in inflammation and have also been suggested to be involved in HIV neuropathogenesis, such as matrix metalloproteinases 5 6 and adhesion molecules. 7 In the SCID (severe combined immunodeficiency disease) mouse model of HIV encephalopathy (HIVE), induction of brain VEGF protein was observed by immunohistochemistry 8 . Increased serum levels of VEGF have been reported in HIV infected patients with Kaposi sarcoma. 9 10 Yet the potential role of VEGF in HIV associated central nervous system (CNS) injury has not been characterised.
To determine the involvement of VEGF in HIV associated CNS damage, the cerebrospinal fluid (CSF) and serum levels of this peptide were measured. Samples from HIV infected patients with or without CNS complications and a HIV negative control group were examined. The results were correlated with other laboratory parameters such as the blood CD4 cell count, the CSF white blood cell count, the CSF total protein content, the CSF to serum albumin ratio (a parameter for the integrity of the blood-brain barrier), and the CSF and plasma HI-viral load (table 1) .
INVESTIGATIONS AND RESULTS
CSF and corresponding serum samples from 27 HIV infected and 18 control patients, admitted to the Department of Neurology at the University of Munich between 1996 and 2002, were collected and analysed. CSF was drawn for diagnostic purposes after the patient's informed consent was obtained. It was centrifuged within 20 minutes and the supernatant was stored at 240˚C. The patients infected with HIV were subdivided into two groups: Group 1 consisted of 19 HIV infected patients without CNS disorders, mainly patients with tension headache and distal symmetric polyneuropathy. Group 2 comprised eight HIV infected patients with HIV induced CNS complications, including six patients with chronic HIVE, one patient with HIV associated myelopathy, and one patient with acute HIV associated meningitis. The control group consisted of 18 HIV negative patients with non-inflammatory neurological disorders, mainly patients with tension headache or headaches induced by exercise. CSF investigations were done in all patients to exclude, for example, subarachnoidal haemorrhage or (opportunistic) CNS infections. VEGF concentrations were determined by a commercially available chemiluminescent sandwich enzyme immunoassay (R&D Systems, Minneapolis, United States) according to the manufacturer's guidelines. Statistical analysis of group differences was performed by non-parametric procedures (Kruskal Wallis one way analysis of variance and the Mann Whitney U test including alpha correction). p values,0.05 were considered significant.
The CSF VEGF levels did not differ between all investigated groups (HIV group 1: 42.6 (8.2) pg/ml; HIV group 2: 49.7 (15.2) pg/ml; control group: 43.7 (7.9) pg/ml). In contrast, serum VEGF levels were significantly increased (p,0.02; Mann Whitney U test) in patients with HIV induced CNS complications compared with HIV infected patients without CNS disorders and HIV negative controls (HIV group 1: 120.8 (13.1) pg/ml; HIV group 2: 381.1 (78.9) pg/ml; controls: 133.1 (14.8) pg/ml) (see figure 1) . The serum samples from patients with untreated HIVE (n = 3) contained the highest VEGF levels (583.9 (71.5) pg/ ml). ''Follow up'' samples were available for two of these patients. They showed that VEGF concentrations had decreased during antiretroviral therapy and clinical improvement (patient one: 670 to 304 pg/ml; patient two: 441 to 210 pg/ml). On the basis of a cut off value of 206 pg/ml ( = mean+2 standard deviations (HIV negative control patients)) all patients with HIVE but no patients without HIVE had increased VEGF serum levels. Statistical analysis revealed no significant correlation between VEGF serum concentrations and serum and CSF HI viral load as well the other CSF parameters.
DISCUSSION
Taken together, the current study shows for the first time that serum VEGF is increased in patients with HIVE and reduced by antiretroviral therapy. Additionally patients with HIVE and effective antiretroviral treatment had lower serum VEGF levels compared to those without effective therapy. However, regardless of effective viral suppression patients with HIVE still had higher levels compared with those without HIVE. A relevant increase of serum VEGF was not observed in patients without HIVE though high HI viral load. Thus, HIVE seems to be associated with increased serum VEGF levels. Potential cellular sources of serum VEGF may be T lymphocytes and monocytes. Both cell types are main targets of HIV, but up to now only T lymphocytes have been observed to release VEGF after infection with HIV. 10 In the current study CSF VEGF concentrations were not increased in HIV infected patients with or without CNS complications, arguing against a substantial upregulation within the CNS and a major relevance of brain derived VEGF in HIV neuropathogenesis. However, HIV induced CNS disorders are generally chronic, show only mild inflammation, and affect mainly deep brain structures. Thus, a subtle upregulation of brain VEGF may not be detected in the CSF.
It is known that VEGF can lead to endothelial cell activation and-for example-the upregulation of adhesion molecules and inflammatory mediators, which are thought to contribute to HIV induced CNS damage. 7 VEGF may hypothetically force leucocytes to migrate into the CNS, a commonly accepted crucial step in HIV neuropathogenesis.
11
Immigrated leucocytes may then serve as a viral reservoir as well as a source of inflammatory and neurotoxic substances and therefore be able to propagate CNS injury during HIV infection.
In addition, recent investigations highlight neuroprotective characteristics of VEGF. 12 Thus, it is conceivable that the increased release of VEGF during HIVE may have beneficial features-for example, by its stimulating effects on growth and survival of neurones and glial cells. Data are presented as mean (standard error); nd, not done *The CSF WBC count, the total protein levels and the CSF to serum albumin ratio were significantly increased in patients with HIV induced CNS complications compared with HIV negative controls, but not compared with HIV infected patients without CNS complications (p,0.05; Mann Whitney U test).
Figure 1 CSF and serum VEGF levels in HIV infected patients without or with CNS involvement and HIV negative control patients (p,0.02; Mann Whitney U test).
